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Description 



PLANAR PEDESTAL MULTI-GATE DEVICE 

Background of Invention 

[0001] The invention relates to semiconductors and, more partic- 
ularly, to silicon-on-insulator (SOI) transistor devices. 

[0002] Transistors typically consist of three basic elements: the 
source, the gate and the drain. Current flows from the 
source to the drain when the gate is charged. Bipolar and 
MOS (metal-oxide semiconductor) are two basic types of 
transistors. CMOS (complementary metal-oxide semicon- 
ductor) is an extension of MOS formed by joining two 
transistors and different dopants in the various regions. 
Because of the complementary behavior in CMOS, there is 
no current flow through the device except when it 
switches. CMOS circuits therefore consume less power 
when compared to Bipolar counterparts which leak current 
in their off state. MOS has become the mainstay of chip 
design. 

[0003] Traditionally, transistors were fabricated on bulk silicon. 
More recently, they are being fabricated using silicon- 



on-insulator (SOI) technology. The difference between 
conventional MOS and Silicon-on-lnsulator (SOI) con- 
struction is a layer of insulating material separating the 
transistor's silicon junction area and the bulk silicon. 

[0004] Double-gate transistors will help improve processor 

speed and power use by allowing better control of electri- 
cal flow across the transistor. Simply stated, transistors 
react to electricity and go to either an on or off state, pro- 
viding the binary status necessary for computer opera- 
tions. But as chips continue to shrink, single-gate transis- 
tors will experience increased electron leakage (which can 
keep transistors trapped in the on state), higher energy 
needs, and worsened electrical flow. 

[0005] us Patent Application No. 2002/0192911 discloses Dam- 
ascene double gated transistors and related manufactur- 
ing methods. This invention provides the structure and 
fabrication process of a completely planar, Damascene 
double gated transistor. The structure has a self-aligned, 
hyper-abrupt retrograde body and a zero-parasitic, end- 
wall gate-body connection. The structure provides for in- 
creased density and enables ultra low power to be uti- 
lized. The methods also provide for simultaneously mak- 
ing both four-terminal and dynamic threshold MOSFET 



devices. 
Summary of Invention 



[0006] According to the invention, a method of forming a tran- 
sistor comprises: disposing a planar platform (or pedestal, 
or layer) of silicon atop a support structure of oxide which 
is atop a substrate; forming gate structures both atop and 
beneath the planar platform; and forming source and 
drain diffusions within the planar platform. The gate 
structures which are formed beneath the planar platform 
may smaller than the planar platform, and may be aligned 
with the gate structures which are formed atop the planar 
platform. A transistor formed by the method is also dis- 
closed. 

[0007] According to a feature of the invention, the back gate 

electrode has a length and width approximately equal to a 
length and width of the planar pedestal. 

[0008] According to a feature of the invention, the back gate 

electrode wraps around side edges of the planar pedestal. 

[0009] | n an embodiment of the invention, the back gate elec- 
trode is smaller than the planar pedestal. 

[0010] | n an embodiment of the invention, there are two top 
gates; and the back gate electrode is aligned under the 
two top gates. 



[001 1] | n an embodiment of the invention, there are two top 

gates; and inner edges of the top gates are aligned with 
outer edges of the standoff structure. 

[0012] An advantage of the present invention over the prior art is 
that the planar pedestal multi-gate device can be scaled 
to smaller gate dimensions and thus provide more perfor- 
mance due to the multi-gate structure. The additional 
gate control is capable of terminating the drain fields 
thereby improving the short channel effect control. 
Brief Description of Drawings 

[0013] The structure, operation, and advantages of the present 
invention will become further apparent upon considera- 
tion of the following description taken in conjunction with 
the accompanying figures (FIGs.). The figures are intended 
to be illustrative, not limiting. Certain elements in some of 
the figures may be omitted, or illustrated not-to-scale, for 
illustrative clarity. The cross-sectional views may be in the 
form of "slices", or "near-sighted" cross-sectional views, 
omitting certain background lines which would otherwise 
be visible in a "true" cross-sectional view, for illustrative 
clarity. 

[0014] FIGs. 1-11 are cross-sectional views illustrating a se- 
quence of steps (process flow) for a wafer being pro- 



cessed, according to the invention. 
Detailed Description 

[0015] | n the description that follows, numerous details are set 
forth in order to provide a thorough understanding of the 
present invention. It will be appreciated by those skilled in 
the art that variations of these specific details are possible 
while still achieving the results of the present invention. 
Well-known processing steps are generally not described 
in detail in order to avoid unnecessarily obfuscating the 
description of the present invention. 

[0016] Materials (e.g., silicon dioxide) may be referred to by their 
formal and/or common names, as well as by their chemi- 
cal formula. Regarding chemical formulas, numbers may 
be presented in normal font rather than as subscripts. For 
example, silicon dioxide may be referred simply as "ox- 
ide", chemical formula Si02. 

[0017] | n the description that follows, exemplary dimensions may 
be presented for an illustrative embodiment of the inven- 
tion. The dimensions should not be interpreted as limit- 
ing. They are included to provide a sense of proportion. 
Generally speaking, it is the relationship between various 
elements, where they are located, their contrasting com- 
positions, and sometimes their relative sizes that is of 



significance. 

[0018] | n the drawings accompanying the description that fol- 
lows, often both reference numerals and legends (labels, 
text descriptions) will be used to identify elements. If leg- 
ends are provided, they are intended merely as an aid to 
the reader, and should not in anyway be interpreted as 
limiting. 

[0019] FIG. 1 shows a silicon-on-insulator (SOI) SOI wafer 100 
comprising a handle substrate 102 which may be about, 
but is not limited to several hundred microns thick, a 
buried oxide (BOX) layer 104 of about 2 to about 2000A 
(Angstroms, A) thick, and a silicon-on-insulator (SOI) 
layer 106, which may range in thickness from about 5nm 
(nanometers) to about lOOnm. (1 micron = le-6 meter = 
1000 nm = 10000 A) A lithography procedure is used to 
create a patterned a resist image (mask) 108 over the sili- 
con-on-insulator layer 106, as shown in FIG. 2 Alterna- 
tively, a hard-mask process (not shown) may be used. The 
hard-mask process comprises first depositing a hard 
mask material (dielectric film) such as silicon dioxide 
(Si02), silicon nitride (SiN03), or silicon oxynitride 
(SiOxNy). The dielectric film may be deposited by a pro- 
cess such as chemical vapor deposition (CVD), plasma en- 



hanced chemical vapor deposition (PECVD) or rapid ther- 
mal chemical vapor deposition (RPCVD). A lithography 
process is then used to pattern the resist image over the 
silicon-on-insulator layer 106. 

[0020] Next, a dry etch process which is selective to the resist 
(or, alternatively, to the hard mask material) and the 
buried oxide layer 104 is used to transfer the resist im- 
ages into the silicon-on-insulator layer 106, as shown in 
FIG. 3. The patterned silicon (SOI) layer 106 is shown with 
a prime number, as 106'. This layer 106' will become the 
active silicon layer of a transistor being formed. 

[0021] Next, the resist image 108 is removed using a wet solvent 
strip and/or a dry oxygen plasma ashing process. Another 
dry, anisotropic etch process capable of etching Si02 se- 
lectively with respect to the patterned silicon layer 106' is 
used to etch the buried oxide layer 104 from the regions 
outside the patterned silicon layer 106', as shown in FIG. 
4. The patterned buried oxide layer 104 is shown with a 
prime number, as 104'. This etch exposes a portion of the 
top surface of the handle substrate 102. 

[0022] At this stage of the process, the buried oxide 104' is 
aligned with the patterned silicon layer 106'. The pat- 
terned silicon layer 106' will become the active silicon 



layer. The patterned silicon layer 106' is generally rectan- 
gular (in plan view) having a length dimension (L; left- 
to-right, as viewed; perpendicular to the gate electrodes 
described hereinbelow) of about 0.1 microns to about 10 
microns, and a width dimension (W; into the page, as 
viewed; parallel to the gate electrodes) of about 0.05 mi- 
crons to 10 microns, and the aforementioned thickness of 
5-100 nm. 

[0023] Next, an isotropic dry or wet etch process is used to re- 
move a portion, but not all, of the buried oxide layer 104' 
from under the patterned silicon layer 106' to form a 
standoff structure 110 as shown in FIG. 5. The wet etch 
process may consist of a hydrofluoric acid and water mix- 
ture. The standoff structure 110 is a portion of patterned 
buried oxide (BOX) layer 104'. The standoff structure 110 
is centered under the patterned silicon layer 106'. This 
"back etch" exposes a substantial (e.g., approximately 
80%) portion of the underside of the patterned silicon 
layer 106', and a further portion of the top surface of the 
handle substrate 102. Suitable dimensions for the stand- 
off structure 110 are 10-100 nm wide (left-to-right, as 
viewed) and approximately 200nm high. 

[0024] | n FIG 5 it can be observed that the patterned SOI layer 



106' is a substantially planar element (hereinafter 
"pedestal", or platform) supported from beneath by 
(disposed atop) the standoff structure 110. An important 
feature of the invention, that the SOI pedestal 106', upon 
which the transistor will be built, is remote from the bulk 
silicon of the handle substrate 102. As will become evi- 
dent, in this manner, multiple gate structures can be 
formed on the silicon pedestal. 

[0025] After a sacrificial oxidation process, which can be per- 
formed by a dry or wet thermal oxidation process, a pre- 
gate oxide cleaning procedure which includes but is not 
limited to standard oxide removal, organic and metallic 
cleaning processes and final hydrogen termination is used 
to prepare the exposed surfaces of the patterned silicon 
layer 106' for gate oxidation. During this step, the ex- 
posed surface of the handle substrate 102 is also pre- 
pared for gate oxidation. 

[0026] Next, gate oxidation is performed. The gate oxidation 
may comprise a thermal oxidation process and subse- 
quent nitridation process and may also be followed by de- 
position of a high-k gate dielectric such as hafnium oxide. 
Gate oxide 112 is formed on the exposed surfaces of the 
planar pedestal 106' (everywhere except where the stand- 



off structure 110 is "attached", underneath the pedestal). 
Gate oxide 114 is also formed on the exposed (upper) 
surface of the handle substrate 102. The resulting gate- 
oxidized structures are illustrated in FIG. 6. The gate ox- 
ide is typically silicon dioxide (Si02), and suitably has a 
thickness of approximately 10 - 12 Angstroms. 

[0027] The gate oxide 112 on the planar pedestal 106' will serve 
the usual function of gate oxide. A useful structural ele- 
ment of this invention is that gate dielectric (oxide) 114 is 
also formed on the handle substrate (wafer) 102. This 
layer 114 will be used not for the usual function of gate 
oxide, but rather as an etch stop in a gate stack etch pro- 
cess at a further point in the process flow. 

[0028] Next, a gate electrode material 120 such as polysilicon 
(poly-Si, poly) is deposited, atop the handle substrate 
102, and covering (surrounding) the standoff structure 
110 as well as planar pedestal 106'. The gate electrode 
material 120 suitably has a thickness of approximately 
750 - 2000 Angstroms. The gate electrode material 120 
may be a stack of materials which extends approximately 
500 - 1500 Angstroms above the top surface of the pat- 
terned SOI layer 106'. 

[0029] a hard mask material 122 such as Si02 is deposited di- 



rectly on top of the gate electrode material 120. The re- 
sulting structure is illustrated in FIG 7. Alternatively, a 
metal film like tungsten or titanium nitride may be de- 
posited. 

[0030] | n FIG. 7 it can be observed that by using a standoff struc- 
ture 110, the polysilicon 120 can be formed to completely 
surround the channel (planar pedestal 106"). As will be- 
come evident, an advantage of the present invention over 
the prior art is that the planar pedestal multi-gate device 
can be scaled to smaller gate dimensions and thus pro- 
vide more performance due to the multi-gate structure 
(described hereinbelow). The additional gate control is ca- 
pable of terminating the drain fields thereby improving 
the short channel effect control. 

[0031] The gate electrode material 120 is patterned by first using 
a conventional lithography process to create resist images 
124. The resist images are transferred to the hard mask 
122 by a dry plasma etch process, as shown in FIG 8. The 
patterned (imaged) hard mask layer 122 is shown with a 
prime number, as 122'. 

[0032] After the hard-mask 122' is defined, the resist images are 
removed using an oxygen (02) ashing process. Next, a 
two step etch process is used to pattern a gate stack. 



[0033] The first step is an anisotropic dry etch that is selective to 
the gate dielectric 112 (also 114, but 114 is covered by 
poly), and is used to define the top portion of a gate stack 
electrode 130. 

[0034] | n t his step, the gate electrode material 120 is etched 

down to approximately the level of the top surface of the 
planar pedestal 106', other than underneath the hard 
mask 122'. This creates electrode structures 130 atop the 
planar pedestal 106' and isolated therefrom by gate oxide 
112. The electrode structures 130 suitably have a width of 
5-50 nm and a height of 50-150 nm. The remaining gate 
electrode material 120, below the top surface of the SOI 
layer 106' is shown with a prime number, as 120'. The 
gate electrodes 130 have a greater width than the planar 
pedestal 106". 

[0035] After the first part of the etch, sidewall spacers 132 may 
(optionally) be formed on the gate stack electrodes 130 
using a conventional conformal deposition of oxide (Si02) 
or nitride (SiN) and using a directional dry etch process. 
The resulting structure is shown in FIG. 9. 

[0036] FIG. 9 shows that two gate electrodes 130 can simultane- 
ously be formed atop a single SOI layer 106'. The gate 
electrodes 130 are shown as being symmetrically dis- 



posed on the planar pedestal 106", on either side of a 
centerline CL Also, the standoff structure 110 is shown as 
being centered under the planar pedestal 106'. It should 
be understood that this example is illustrative, and should 
not be interpreted as limiting. For example, the standoff 
structure 110 could be off-center. More than two gate 
electrodes or a single gate electrode could be formed atop 
the single SOI layer 106'. 

[0037] The second part of the gate stack etch is an anisotropic 
etch which removes at least the remaining, bottom por- 
tion of the gate electrode material 120' from areas outside 
the planar pedestal 106". 

[0038] | n one embodiment, a large bottom (back) gate electrode 
140 is formed which can be approximately the size 
(length and width) of the planar pedestal 106". The gate 
electrode 140 under the planar pedestal (active Si area) 
106' acts as a back gate to form a ground plane device. 
The back gate electrode wraps around the side edges of 
the active Si region 106'. This is shown in FIG. 10A. 

[0039] Etching can proceed further, making the back gate 140 
smaller than the planar pedestal 106". For example, the 
back gate 140 which is formed under (beneath) the planar 
pedestal (or platform) can be further etched so that it is 



aligned under the two top gate electrodes 130 which are 
formed atop the planar platform. This is shown in FIG. 
10B. The back electrode is labeled 142 in this figure. 

[0040] The top gates 130 can be located further in towards the 
centerline, so that their inner edges are aligned with the 
outer edges of the standoff structure 110. And the back 
gate 142 can further be etched so that its outer edge is 
aligned with the outer edges of the top gate electrodes 
130. This is shown in FIG. 10C. The back electrode is la- 
beled 144 in this figure. 

[0041] | n general, the bottom gate is fabricated by the two step 
etch process. The first etch etches material away from the 
areas under the resist. The etch stops at the active Si re- 
gion. Then spacers are formed. After the spacer, another 
etch is done to the bottom of the BOX. At this stage, there 
is gate material under the resist as well as under the ac- 
tive Si region. If the Si region is sufficiently narrow, then a 
non-directional etch can be used to remove gate material 
under the Si region so that the "top gate" and the "bottom 
gate" are self-aligned. 

[0042] a feature of the invention is that the active Si region can 
be smaller (in the parallel to gate electrode direction) than 
the combination of the top gate and spacer dimension. 



This aspect allows an isotropic etch to clear away gate 
electrode material away from the underside of the active 
area except for the region under the top gate. In this way, 
the top electrode is self-aligned to the bottom electrode. 
[0043] it is generally preferred that the Si active region 106' is 
more narrow than the gate 130 and spacer structure 132 
so that the gate electrode material 120' can be removed 
from the majority of the bottom portion of the active re- 
gion by a dry, isotropic etch to form a self-aligned multi- 
gate device. The top and bottom gates extend both ex- 
tend widthwise (into the page, as shown) further than the 
planar pedestal. 

[0044] Next, the sidewall spacers 132 are removed using a wet or 
dry process. (The hard mask 122' is also removed.) Next if 
needed, halos (not shown) are formed by ion implantation 
for nFETs and pFETs using boron and arsenic respectively 
for example. Extensions (not shown) may next be formed 
by ion implantation using p and n-type dopants for pFETs 
and nFETs, respectively. A source-drain spacer 134 is 
next formed by deposition and anisotropic etching as 
shown in FIG 11. The gate electrode 130 extends at least 
as high as the source-drain spacer 134. Source (S) and 
Drain (D) junctions are formed by ion implantation and 



activation anneal. Representative source (S) and drain (D) 
implants are illustrated. Selective epitaxial Si may be used 
to form raised source drain regions if the Si pedestal is 
thinner than about 500A. Silicide and conventional back- 
end-of line processing completes the flow. An example of 
a final transistor device structure is shown in FIG. 11, 
which is based on the structure shown in FIG. 10B. An ad- 
vantage of this invention is that instead of the gate (130) 
controlling the channel from only one side, the gate (top 
gate 130, plus bottom gate 140, 142 or 144) completely 
surrounds the Si channel 106" from all sides. This results 
in significantly improved short channel effect control. The 
Si pedestal structure 106' ideally is about the same height 
and width or smaller than the gate dimension. 
[0045] Although the invention has been shown and described 
with respect to a certain preferred embodiment or em- 
bodiments, certain equivalent alterations and modifica- 
tions will occur to others skilled in the art upon the read- 
ing and understanding of this specification and the an- 
nexed drawings. In particular regard to the various func- 
tions performed by the above described components 
(assemblies, devices, circuits, etc.) the terms (including a 
reference to a "means") used to describe such compo- 



nents are intended to correspond, unless otherwise indi- 
cated, to any component which performs the specified 
function of the described component (i.e., that is func- 
tionally equivalent), even though not structurally equiva- 
lent to the disclosed structure which performs the func- 
tion in the herein illustrated exemplary embodiments of 
the invention. In addition, while a particular feature of the 
invention may have been disclosed with respect to only 
one of several embodiments, such feature may be com- 
bined with one or more features of the other embodi- 
ments as may be desired and advantageous for any given 
or particular application. 



